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(57) ABSTRACT

The present invention relates to a metering system for meter-
ing a liquid metering medium, with a suction line, which is
filled with a metering medium at the liquid pressure p,, and a
pressure line, which is filled with the metering medium at the
liquid pressure wherein the suction line is connected to the
pressure line by a metering member configured as a metering
pump, with which metering medium can be conveyed from
the suction line into the pressure line, wherein the metering
pump has a conveying chamber, the volume of which can be
changed with the aid of a movable displacement element in
such a way that, in a first position of the displacement ele-
ment, the conveying chamber has a minimum volume V,,,,,,
and, in a second position of the displacement element, the
conveying chamber has a maximum volume V,,, , the con-
veying chamber being connected by a pressure valve to the
pressure line and by a suction valve to the suction line, so, by
an oscillating movement of the displacement element, meter-
ing medium can alternately be sucked out of the suction line
via the suction valve into the conveying chamber and meter-
ing medium can be discharged from the conveying chamber
via the pressure valve into the pressure line. In order to pro-
vide a metering system and a metering pump adapted for this,
which has a high degree of efficiency, exhibits no leakage
flow and is simply constructed, it is proposed according to the
invention that

Vinax Py
> K

Vinin Py

wherein k=1.5.

19 Claims, 2 Drawing Sheets
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1
METERING SYSTEM AND METERING PUMP
THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATION

This applicationis a 371 national stage application of Inter-
national Application PCT/EP2013/065756, filed Jul. 25,
2013, and claims the priority of German Application No. 10
2012 106 848.8, filed on Jul. 27, 2012.

The present invention relates to a metering system for
metering a liquid, metering medium, with a suction line,
which is filled with a metering medium, at the liquid pressure
p,, and a pressure line, which is filled with the metering
medium at the liquid pressure p,, wherein the suction line is
connected to the pressure line by a metering member config-
ured as a metering pump. With the aid of the metering pump
metering medium can then be conveyed from the suction line
into the pressure line. For this purpose the metering pump has
a conveying chamber, the volume of which can be changed
with the aid of a movable displacement element, for example
a diaphragm, in such a way that, in a first position of the
displacement element, the conveying chamber has a mini-
mum volume V,,,, and, in a second position of the displace-
ment element, the conveying chamber has a maximum vol-
ume V. In this case, the conveying chamber is connected
by a pressure valve to the pressure line and by a suction valve
to the suction line, so, by an oscillating movement of the
displacement element, metering medium can alternately be
sucked out of the suction line via the suction valve info the
conveying chamber and metering medium can be discharged
from the conveying chamber via the pressure valve into the
pressure line.

Metering systems of this type and corresponding metering
pumps have been known for a long time.

A metering pump configured as a diaphragm pump is
described in EP 1 546 557 B1.

When metering liquids, in particular degassing conveying
media, such as, for example, sodium hypochlorite (NaClO),
air bubbles can form in the suction line connected to the
suction connection and be sucked into the metering head. It is
also possible for air bubbles to form in the conveying cham-
ber. This is often the case after relatively long metering
breaks, for example after a weekend. As the suction connec-
tion is connected to a suction line, which, in the simplest case,
is configured as a hose and ends in a storage container, when
exchanging the storage container, in particular when the
pump is running, it may occur that the suction line is briefly no
longer connected to the conveying medium and sucks in air.

If'too much gas is in the conveying chamber of an oscillat-
ing conveying pump, disturbances of the metering process
may occur if the pump’s own compressibility, due to the gas
volume enclosed, is no longer sufficient to open the pressure
valve against the liquid pressure p,; and optionally against the
return spring and the closing body of the pressure valve’s own
weight. In other words, it may occur that when the proportion
of gas in the conveying chamber becomes too high, the pres-
sure in the conveying chamber does not increase sufficiently,
despite the movement of the displacement element from the
second info the first position, to open the pressure valve
connected to the pressure connection. The reason for toss is
the high compressibility of gas compared to liquids.

Therefore, if the displacement element is no longer able to
apply an adequately high pressure to open the pressure valve,
the conveying medium is not pumped, in other words the
desired metering cannot take place.
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2

In order to be able to leave this error state, it is necessary to
restore the compressibility to the counter-pressure p ; applied
at the pressure connection.

Various solution approaches are known for this. In the
simplest case, the metering pump has a screwable venting
opening to the conveying chamber that can be opened manu-
ally so the metering pump briefly does not have to work
against the liquid pressure p,, but against the ambient pres-
sure, so the gas present in the conveying chamber can escape
via the venting opening. The drawback of this method is,
however, that a manual intervention is necessary.

A further solution is to equip corresponding venting open-
ings with an actively activatable valve and to open this valve
at periodic intervals. However, this method has the drawback
that the venting opening is also opened when no gas is in the
conveying chamber and therefore a certain leakage flow of the
conveying medium occurs.

On the other hand, in the conveying pump shown in EP 1
546 557 B1 an additional connection is provided between the
conveying chamber, on the one hand, and the pressure con-
nection, on the other hand, which is opened intermittently in
order to allow liquid to re-enter the conveying chamber from
the pressure line, whereby gas can simultaneously escape
from the conveying chamber so the ratio between compress-
ible gases and incompressible liquids can be improved again
and, ideally, the counter-pressure p,; applied at the pressure
connection can be reached again in the conveying chamber.

This solution is, however, relatively laborious, as, in addi-
tion to an additional bypass line, a valve closing the latter and
an activating device to activate the valve have to be provided.
In addition, the intermittent opening of the bypass valve
reduces the efficiency of the pump as the opening also takes
place when no gas is contained in the conveying chamber.

Proceeding from the described prior art, it is the object of
the present invention to provide a metering system and a
metering pump adapted for this, which has a high degree of
efficiency, does not exhibit a leakage flow and which is simply
constructed.

With regard to the metering system, this object is achieved
in that

Vinax
Vinin

Py
K

wherein k=1.5.

The exponent K is also designated an adiabatic exponent
and is a physical variable, which describes the ratio of the
specific heat capacity of a medium at constant pressure to the
specific heat capacity of the medium at constant volume. The
value « is different for each gas and, in addition, also tem-
perature-dependent. However, it has been shown that a value
of'1.5 can be used for k in order to include all the applications
relevant in practice. As already mentioned at the outset, the
displacement element has to work against the counter-pres-
sure, i.e. the pressure p,on the pressure line. As the conveying
chamber is generally connected by means of a check valve to
the pressure line, the displacement element additionally has
to work against the spring of the check valve and, option-
ally—depending on the arrangement of the closing body of
the valve—against the weight force of the closing body.

According to the invention, the ratio of the maximum vol-
ume V,,,. and the minimum volume V,,,,, of the conveying
chamber is therefore selected to be so great that even when the
conveying chamber is completely filled with air, the neces-
sary pressure p, can be reached. In most cases, the liquid
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pressure of the metering medium in the suction line p, will
correspond to atmospheric pressure, but applications are also
conceivable, in which the suction line is already under excess
or negative pressure.

The ratio between V,,, and 'V, . therefore depends on the
liquid pressure p, to be expected in the pressure line.

In a preferred embodiment, me metering system in the
pressure line has a liquid pressure p >7 bar, preferably p ~10
bar and at best p_>16 bar. In particular, a reliable venting is
advantageous for a precise metering in the case of high liquid
pressures of this type.

For typical applications, it is provided in a preferred
embodiment that

Vs
Viin
preferably
Vinax
=6
Vinin
and at best
Vinax
= 8.
Vinin

Functionally reliable metering systems for the overwhelm-
ing number of applications can be achieved with the ratios
mentioned.

With regard to the metering pump for use in the described
metering system according to the invention, the object is
achieved in that

Vinax -4,

Vinin
preferably

Vinax .6

Vinin
and at best

Vinax .3

Vinin

It is ensured by the corresponding selection of the ratio
between the maximum volume and the minimum volume of
the conveying chamber that a metering system, in which the
metering pump is used, for most applications ensures that
even when the conveying chamber is completely filled with
air, the metering pump’s own compressibility is large enough
to convey the air from the conveying chamber against the
liquid pressure p, of the pressure line.

In a particularly preferred embodiment of the metering
pump, it is provided that between the first position and the
second position of the displacement element there is provided
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a third position of the displacement element, in which the
conveying chamber has a working volume V,, wherein
ViV <V, .. and the metering pump has two operating
modes, wherein in a metering mode, the displacement ele-
ment is moved back and forth between the first and the second
position or between the second and the third position, and in
a venting mode, it is moved back and forth between the first
and the second position.

In other words, the maximum stroke volume (V,,, -V, )
is only reached during the venting mode, the stroke volume
only being (V,,,,-V,) or (V,=V,.,) during the normal
metering mode.

A smaller stroke volume and, accompanying this, a smaller
stroke of the displacement element, can lengthen the service
life of the displacement element, in particular when the dis-
placement element is configured as a diaphragm, it is there-
fore provided in a preferred embodiment that the maximum
stroke only fakes place in the venting mode, while only a
reduced stroke takes place in the metering mode.

In a preferred embodiment, a device is therefore provided,
which briefly switches the metering pump into the venting
mode at regular time intervals. For example, the metering
pump could be switched into the venting mode for one stroke
for every fiftieth or every two hundredth stoke, whereby gas-
eous medium possibly located in the conveying chamber is
reliably pressed out of the conveying chamber.

As an alternative to this, the metering pump can also have
a device for detecting a gaseous medium in the conveying
chamber, so a control device may be provided, which
switches the metering pump into the venting mode when the
defection device detects gaseous medium in the head.

Further advantages, features and application possibilities
become clear with the aid of the following description of a
preferred embodiment and the associated figures, in which:

FIG. 1 shows a cross section through a metering head of a
metering pump according to the invention and

FIG. 2 shows a perspective plan view of the embodiment
shown in FIG. 1.

FIG. 1 shows a sectional view through a metering head of
an embodiment of a metering pump according to the inven-
tion. The metering head 10 has a displacement element 1,
which is connected to a diaphragm 2. By means of the move-
ment of the displacement element 1, the diaphragm 2 is
moved back and forth so the volume of the conveying cham-
ber 3 changes. The conveying chamber 3 is connected to a
suction connection 5 by means of two check valves 8, 9,
which are connected in series and form the suction valve. A
suction line of a metering system may, for example, be con-
nected to the suction connection 5, so metering medium is
sucked from the suction line into the conveying chamber 3
when the diaphragm 2 together with the displacement ele-
ment 1 moves in such a way that the volume of the conveying
chamber 3 is increased.

The conveying chamber 3 is also connected to a pressure
connection 4 by means of two check valves 6, 7, which are
arranged in series and together form the pressure valve. The
pressure connection can be connected to the pressure line of
ametering system so that when the diaphragm 2 together with
the displacement element 1 is moved in such a way that the
volume of the conveying chamber 3 is reduced, metering
medium is pressed via the two check valves 6, 7 and the
pressure connection 4 into the pressure line.

A perspective view of the metering head 10 can be seen in
FIG. 2 and both the pressure connection 4 and the suction
connection 6 are seen.

The conveying chamber 3, on the one hand, consists of the
chamber, in which the diaphragm moves back and forth and,
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on the other hand, of a pressure channel 11, which connects
the diaphragm chamber to the check valve 7, as well as the
suction channel 12, which connects the diaphragm chamber
to the check valve 9. Both the pressure channel 11 and the
suction channel 12 form part of the convoying chamber vol-
ume. The minimum volumeV,,,,, of the conveying chamber 3,
which can be adjusted with the aid of the movable diaphragm
2, therefore consists at least of the volume of the pressure
channel 11 and the volume of the suction channel 12.

In order to select the minimum volume Vv, of the convey-
ing chamber to be as small as possible, both the pressure
channel 11 and the suction channel 12 are arranged here
transversely to the movement direction of the displacement
element 1, in other words, the movement direction of the
displacement element encloses an angle of about 45° with the
movement direction of a closing element of the pressure valve
and with the movement direction of a closing element of the
suction valve.

In the embodiment shown, the ratioV,,,./V ,,;,, is about 3.
This ratio may, however, be selected to be still greater if the
metering pump is to pump against high pressures.

LIST OF REFERENCE NUMERALS

1 displacement element
2 diaphragm

3 conveying chamber

4 pressure connection
5 suction connection

6, 7 check valves

8, 9 check valves

10 metering head

11 pressure channel

12 suction channel

The invention claimed is:

1. Metering system for metering a liquid metering medium,
with a suction line, which is filled with a metering medium at
the liquid pressure p,, and a pressure line, which is filled with
the metering medium at the liquid pressure p,, wherein the
suction line is connected to the pressure line by a metering
member configured as a metering pump, with which metering
medium can be conveyed from the suction line into the pres-
sure line, wherein the metering pump has a conveying cham-
ber, the volume of which can be changed with the aid of a
movable displacement element in such a way that, in a first
position of the displacement element, the conveying chamber
has a minimum volume V. and, in a second position of the
displacement element, the conveying chamber has a maxi-
mum volume V, . the conveying chamber being connected
by a pressure valve to the pressure line and by a suction valve
to the suction line, so, by an oscillating movement of the
displacement element, metering medium can alternately be
sucked out of the suction line via the suction valve into the
conveying chamber and metering medium can be discharged
from the conveying chamber via the pressure valve into the
pressure line, characterised in that

wherein k=1.5.
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2. Metering system according to claim 1, characterised in
that

3. Metering system according to claim 1, characterised in
that the liquid pressure p >7 bar.

4. Metering pump for use in a metering system according to
claim 1, which has a conveying chamber, the volume of which
can be changed with the aid of a movable displacement ele-
ment in such a way that, in a first position of the displacement
element, the conveying chamber has a minimum volume V.,
and, in a second position of the displacement element, the
conveying chamber has a maximum volume V,,,,, wherein
the conveying chamber is connected by a pressure valve to a
pressure connection for connection to a pressure line and is
connected by a suction valve to a suction connection for
connection to a suction line, characterised in that

5. Metering pump according to claim 3, characterised in
that provided between the first position and the second posi-
tion of the displacement element is a third position of the
displacement element, in which the conveying chamber has a
working volume V ,, whereinV,,, <V ,<V_  and the meter-
ing pump has two operating modes, wherein, in a one oper-
ating mode, the displacement element is moved back and
forth between the second and third position and, in a venting
mode, it is moved back and forth between the first and the
second position.

6. Metering pump according to claim 4, characterised in
that a device is provided, which briefly switches the metering
pump into the venting mode at regular time intervals.

7. Metering pump according to claim 4, characterised in
that a device is provided for detecting a gaseous medium in
the conveying chamber and a device is provided, which
switches the metering pump into the venting mode when the
detection device detects gaseous medium in the head.

8. Metering pump according to claim 3, characterised in
that the movement direction of the displacement element
encloses an angle between 15° and 85°, preferably between
30° and 60° and at best between 40° and 50° with the move-
ment direction of a closing element of the pressure valve
and/or with the movement direction of a closing element of
the suction valve.

9. Metering system according to claim 1, characterised in
that

max?

10. Metering system according to claim 1, characterised in
that
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11. Metering system according to claim 1, characterised in
that the liquid pressure p>10.

12. Metering system according to claim 1, characterised in
that the liquid pressure p>16.

13. Metering pump for use in a metering system according
to claim 1, which has a conveying chamber, the volume of
which can be changed with the aid of a movable displacement
element in such a way that, in a first position of the displace-
ment element, the conveying chamber has a minimum vol-
ume V,, ., and, in a second position of the displacement ele-
ment, the conveying chamber has a maximum volume'V,,,,.,
wherein the conveying chamber is connected by a pressure
valve to a pressure connection for connection to a pressure
line and is connected by a suction valve to a suction connec-
tion for connection to a suction line, characterised in that

N
g

v
o

=<

min

14. Metering pump for use in a metering system according
to claim 1, which has a conveying chamber, the volume of
which can be changed with the aid of a movable displacement
element in such a way that, in a first position of the displace-
ment element, the conveying chamber has a minimum vol-
ume V,, ., and, in a second position of the displacement ele-
ment, the conveying chamber has a maximum volumeV,,
wherein the conveying chamber is connected by a pressure
valve to a pressure connection for connection to a pressure
line and is connected by a suction valve to a suction connec-
tion for connection to a suction line, characterised in that

N
g

[\
el

=<

min

15. Metering pump according to claim 4, characterised in
that the movement direction of the displacement element
encloses an angle between 15° and 85°, preferably between
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30° and 60° and at best between 40° and 50° with the move-
ment direction of a closing element of the pressure valve
and/or with the movement direction of a closing element of
the suction valve.

16. Metering pump according to claim 5, characterised in
that the movement direction of the displacement element
encloses an angle between 15° and 85°, preferably between
30° and 60° and at best between 40° and 50° with the move-
ment direction of a closing element of the pressure valve
and/or with the movement direction of a closing element of
the suction valve.

17. Metering pump according to claim 6, characterised in
that the movement direction of the displacement element
encloses an angle between 15° and 85°, preferably between
30° and 60° and at best between 40° and 50° with the move-
ment direction of a closing element of the pressure valve
and/or with the movement direction of a closing element of
the suction valve.

18. Metering pump according to claim 13, characterised in
that provided between the first position and the second posi-
tion of the displacement element is a third position of the
displacement element, in which the conveying chamber has a
working volume V ,, wherein V., <V <V, and the meter-
ing pump has two operating modes, wherein, in a one oper-
ating mode, the displacement element is moved back and
forth between the second and third position and, in a venting
mode, it is moved back and forth between the first and the
second position.

19. Metering pump according to claim 14, characterised in
that provided between the first position and the second posi-
tion of the displacement element is a third position of the
displacement element, in which the conveying chamber has a
working volume V ,, wherein V., <V <V, and the meter-
ing pump has two operating modes, wherein, in a one oper-
ating mode, the displacement element is moved back and
forth between the second and third position and, in a venting
mode, it is moved back and forth between the first and the
second position.



